The aim of the study was to evaluate the effectiveness of Q fever treatment with oxytetracycline based on the level of Coxiella burnetii antibodies in the sera of infected goats and cows, and excretion of Coxiella burnetii in milk. The study was performed in naturally infected goats and cattle. Forty-six goat sera and 35 cows' sera were investigated three times before, and twice after treatment with oxytetracycline. The percentage of seronegative goats after treatment (the third examination) was 86.96% while the percentage of seronegative cows after treatment was 52.77%. Moreover, the molecular studies (real-time PCR) of cheese from milk of these animals showed that the specific sequences of DNA for Coxiella burnetii were present despite treatment with oxytetracycline.
Coxiella burnetii is an intracellular bacterium that causes Q fever. Infection in animals is mostly persistent. Cattle, sheep, and goats are the most important sources of infection. In cattle, Q fever infections are described mainly as subclinical (2) . When clinical signs of Q fever in cattle were reported, they were associated mostly with reproductive disorders such as abortion and metritis (9) . In goat herds, Q fever was associated with variable frequencies of abortion ranging from a few cases to more than 90% (13) . Coxiella burnetii is still considered a common cause of caprine abortion in several countries (4, 13) . The infection may be acquired by the respiratory and alimentary routes, or arthropod bite. The wide distribution of Coxiella burnetii contributes to a high resistance of its extracellular small variant to environmental conditions. Its intracellular large cell variant, which is adapted to survive under harsh conditions of phagolysosomes, enables long-term survival and persistence of Coxiella burnetii in monocytes/macrophages (6) . The outbreaks of Q fever were noted in different parts of Europe (4, 5, 9, 10, 14) .
The best option to prevent the disease is vaccination, which reduces shedding of Coxiella burnetii (11) . Unfortunately, no vaccines are commercially available in many European countries including Poland, thus, the antibiotics are used to treat Q fever. Tetracyclines are considered the best for treating Q fever. The time of treatment is very long, and it takes from 18 to 36 months in order to cure chronic form of the disease (8) . Generally, there is little information on the effect of Q fever treatment in ruminants.
The aim of the study was to evaluate the effectiveness of Q fever treatment with oxytetracycline based on the level of Coxiella burnetii antibodies in the sera of infected goats and cows, and excretion of Coxiella burnetii in milk.
Material and Methods
Sera and cheeses. The study was performed in goat and cow herd, where the infection of Coxiella burnetii was confirmed by using serological and molecular methods (real-time PCR). The study was performed on 46 goats and 36 cows, in which Coxiella burneti antibodies were present in the serum. The animals were treated with oxytetracycline in a dose of 30 mg/kg of body weight. The antibiotic was administrated daily for 5 d and the treatment was repeated in the same manner after one month. Blood samples were collected before treatment and 2 weeks after each administration of the antibiotic. Moreover, 60 samples of cheeses made from milk of treated goats and cows were tested before and after the treatment.
Complement fixation test. The serological examination was performed using complement fixation test (CFT), a diagnostic technique recommended by the World Organisation for Animal Health (OIE) (1) . This technique was validated under the laboratory conditions, and accredited by the Polish Centre for Accreditation (according to the PN-EN ISO/IEC 17025:2005). For CFT, the reagents from the Institut Virion/Serion GmbH (Germany) and Institute of Biotechnology, Sera and Vaccines Biomed (Poland) were used. The starting dilution of the examined samples was 1:5, the ending dilution was 1:20. Serum was considered as positive when a partial inhibition of haemolysis (++) was observed in 1:10 dilution. The used antigens of Coxiella burnetii were specific for phase II.
Real time PCR. The genomic DNA from blood and dairy products was extracted using a commercial kit (QIAamp DNA mini kit, Qiagen). The reaction of realtime PCR was performed according to the conditions described previously (10) .
Results
The results of CFT for goats are presented in Table 1 . It has been shown that 38 tested sera had no Coxiella burnetii antibodies after the first treatment (the second examination) with oxytetracycline. The percentage of seropositive goats after the first treatment was 17.39%. The five seropositive samples had a lower level of antibodies than before using the oxytetracycline. The level of antibodies in three seropositive sera was the same as in the first examination and no changes were observed. The results of the third examination showed that the percentage of seropositive samples was 13.04%. Four seropositive goats from the second examination still had Coxiella burnetii antibodies, but their level was lower than after the first treatment. Generally, the percentage of seronegative goats after treatment was 86.96%.
The results of CFT for cows are presented in Table 2 . The positive effect of the treatment in regard to the level of serum antibodies was observed in 19 cases (the third examination). The percentage of seropositive samples was 44.44% after the first treatment (the second examination). Coxiella burnetii antibodies were found in 16 sera but the level of antibodies in 13 samples was lower than after previous treatment. The analysis of the third examination results showed that three seronegative animals in the second examination had the Coxiella burnetii antibodies after second treatment. Moreover, the increased antibody titre in six cows' sera was noted. Generally, the percentage of seronegative cows after treatment was 52.78%.
The results of real-time PCR confirmed the presence of specific DNA sequences for Coxiella burnetii in the analysis of cheeses from goats and cows before and after treatment (Table 3) .
Discussion
Coxiella burnetii is another important aetiological agent of abortion in goats and cows (4, 9) . Goats are the most important source of infection, and very often they are shedders of Coxiella burnetii. Generally, Q fever is asymptomatic, but it can lead to abortions and stillbirths in mammals. The tested goats and cows had no symptoms of Q fever, only the presence of antibodies and results of real-time PCR confirmed the occurrence of the infection in the herds. Tetracyclines are considered to be the best antibiotics for the treatment of Q fever (8) . Generally, there is no information about the affectivity of Coxiella burnetii infection treatment in the available literature. However, the effective treatment of Q fever is very difficult because Coxiella burnetii is an intracellular bacterium, and it can produce endospores. Infected animals shed a high concentration of the bacteria into foetal membranes and smaller concentrations in urine, faeces, and milk. This shedding may continue for months, particularly by vaginal mucus, faeces and milk, even in those females with normal parturition (7) .
According to the obtained results, the treatment using oxytetracycline was much more effective in goats. Moreover, it was observed that the level of antibodies in cows in some cases decreased after the first treatment with oxytetracycline but an increase in antibody titres was noted after the second one. These changes were not observed in goats. If the titre of antibodies decreased after the first dose of the antibiotic, no increase in antibody level was noted later. In one case, the results of complement fixation test were negative in the second assay but after the second treatment the presence of antibodies was observed, and samples were considered as positive. The results show that the effectivity of treatment depends on the primary level of antibodies. If the titre of antibodies was higher than (+++) in the dilution of 1:10, the treatment did not bring the positive effect, and the level of antibodies increased again after the second dose of oxytetracycline. Results of chemotherapy with oxytetracyclines suggest that in some cases oxytetracycline may suppress rather than eradicate the Q fever agent. According to the literature data, low pH of the intracellular vacuoles, where Coxiella burnetii exists, inactivates many antibiotics (12) . Coxiella burnetii intracellular large cell variant, which adapted to survive under harsh conditions of phagolysosomes, enables long-term survival and persistence in monocytes/macrophages, and it may have an influence on the surveillance of this pathogen during treatment with oxytetracyclines, which are sensitive to the low pH.
The results of real-time PCR showed that oxytetracyclines did not prevent the shedding of bacteria into milk. Similar results of studies on dairy sheep flock subjected to treatment with oxytetracyclines were obtained by other researchers, who confirmed that the percentage of shedding ewes was very similar in treated and untreated animals (3).
Table 1
The results of CFT assays in goats after treatment with oxytetracycline 9  2+  2+  2+  positive  7  ---negative  7  ---negative  2  +  +  +  negative  2  ---negative  3  2+  2+  +  1  2+  2+  +  positive  1  2+  2+  +  positive  2  ---negative  2  ---negative  14  2+  2+  -positive  12  ---negative  12  ---negative  2  +  +  +  negative  2  +  +  -negative   5  3+  3+  2+   positive  2  2+  2+  +  positive  2  ---negative  2  ---negative  2  ---negative  1  +  +  +  negative  1  ---negative   5  3+  2+  2+   positive  2  +  +  -negative  2  +  +  -negative  1  2+  +  -negative  1  2+  +  -negative  1  2+  2+  -positive  1  2+  2+  +  positive  1  ---negative  1  ---negative  1  3+  2+  +  positive  1  ---negative  1  ---negative  1  3+  3+  3+  positive  1  3+  2+  2+  positive  1  3+  2+  2+  positive  2  4+  4+  3+  positive  1  ---negative  1  ---negative  1  3+  3+  3+  positive  1  2+  2+  2+  positive  2  4+  4+  4+  positive  2  4+  4+  4+  positive  2  3+  3+  3+  positive  1  4+  4+  2+  positive  1  --negative  1  ---negative  2  4+  3+  2+  positive  2  ---negative  2  ---negative  1  4+  2+  -positive  1  ---negative 2+  2+  positive  3  3+  3+  3+  positive  3  ---negative  3  ---negative  1  +  +  +  negative  1  3+  3+  3+  positive  2  3+  3+  3+  positive  2  3+  3+  3+  positive  1  +  +  -negative  1  2+  2+  2+  positive  1  3+  2+  +  positive  1  ---negative  1  ---negative  1  3+  2+  -positive  1  ---nagative  1  ---negative  1  3+  3+  +  positive  1  ---negative  1  ---negative   12  4+  4+  4+  positive   1  +  +  +  negative  1  2+  2+  2+  positive  1  2+  2+  2+  positive  1  3+  3+  3+  positive  2  3+  3+  3+  positive  1  3+  3+  3+  positive  2  3+  2+  2+  positive  2  4+  4+  4+  positive  1  2+  2+  2+  positive  1  2+  2+  2+  positive  1  2+  2+  2+  positive  1  4+  4+  3+  positive  1  2+  2+  -positive  1  ---negative  2  2+  2+  +  positive  2  3+  3+  3+  positive  1  4+  3+  2+  positive  1  ---negative  1  ---negative  1  4+  3+  +  positive  1  3+  3+  3+  positive  1  3+  3+  3+ positive 
